Assessment of CO2 storage potential in turkey, modeling and a prefeasibility study for injection into an oil field  by Okandan, Ender et al.
Available online at www.sciencedirect.com
   
 
Energy  Procedia  00 (2010) 000–000 
 

	

 
www.elsevier.com/locate/XXX
 
GHGT-10 
Assessment of CO2 Storage Potential in Turkey, Modeling  and a 
Prefeasibility Study for Injection into an Oil Field 
 
Ender Okandan (1), Yıldız Karakece (2) , Hayati Çetin (3) , lhan Topkaya(1), Mahmut 
Parlaktuna (1) , Serhat Akın (1), Sevtac Bulbul(1), Chantsalma Dalha(1), Sultan Anbar(1), 
Ceyda Cetinkaya(2), Ismail Ermis(2), Mustafa Yılmaz(2), Volkan Ustun(2), Kadri Yapan(2), 
A.Tayfun Erten(2), Yasemin Demiralın(2), Ergun Akalan(3) 
 
(1) Petroleum Research Center  Middle East Technical University 
(2) Turkish Petroleum Corporation 
(3) Ministry of Energy and Natural Resources, Turkey 
Elsevier use only: Received date here; revised date here; accepted date here 
Abstract 
The large amount of CO2 that can be mitigated by geologic storage had gained interest 
during the last 15 years. Acceptance of CCS under CDM is still under discussion(IEA, 
2008) however there are several pilot or field scale projects and monitoring surveys that 
are underway which will make the technology better known and resolve the risks 
involved.  This study involves assessment of possible geologic sites for CO2 storage and 
calculation of CO2 emissions from thermal power plants with capacities > 500 MWe, 
cement factories, steel industry, sugar factories and refineries in Turkey. In emission 
calculations IPCC methodology is used. Coupling of sources and sinks resulted in a 
decision to use the emissions from a cement factory which is about 130 km from the 
selected oil field, Caylarbasi. The cement factory does not have capture facilities yet, but 
during modelling it was assumed that CO2 is available at the factory site. According to 
the results of the model study, during the project life of 20 years, enhanced oil recovery 
effect of CO2 lasts 8 years and 2 million barrels of oil will be produced and the 
remaining 12 years are modelled as CO2 storage phase which shows 220 million Sm3 of 
CO2 can be stored.The transportation phase was designed with two alternatives, pipeline 
transport and transport by tankers.  Economic evaluation at 100$ / barrel of oil value, it 
will be possible to produce for 6 years. For the following years during CO2 storage, 
incentives are necessary to cover operating costs so that project will continue for 20 
years. Since the initial investment is already made, only the operational costs must be 
financed . 
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Natural CO2 field in Dodan is another possibility for geologic storage, the field has 
already produced 7 billion  Sm3 of CO2 for the Batı Raman EOR project.  Total capacity 
is about 10 billion Sm3. Other possible storage sites are deep saline aquifers, which were 
encountered in Thrace region, Central Anatolia and South Eastern Turkey and salt 
caverns of the soda mines. The experience of the Turkish oil industry for use of CO2 in 
EOR application in Batı Raman field will be utilized if and when such an application is 
required. 
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1. Introduction 
  CO2 considered as the main cause of global warming had encouraged the industry and 
governments to take action on reducing their yearly emissions. If precautionary measures 
are not taken   according to IPCC report (IPCC 2007) temperature of the earth will 
increase by 4-6 oC.  If 2oC increase is accepted to be   manageable then world total CO2 
emissions must decrease to 50% of 1990 level by the year 2050.  The first route to 
decrease emissions lie in increasing the efficiency thus less use of fossil fuels. The 
geologic storage of CO2 is the second route where large amounts of CO2 can be stored 
underground.  
 
When the CO2 emissions inventory is examined thermal power plants, cement 
factories, iron and steel industry and refineries  are the main sources where CO2 is 
emitted in large amounts in centeralized locations.   Emissions in transport and domestic 
uses are scattered sources and considered to by decreased by efficiency measures.  
  
The climate change and emission inventory for Turkey was prepared and published in 
2007 as the First National Communication on Climate Change  (Jan. 2007).  Analysis 
showed that the total CO2 emission was 231 Tg according to 2004 data, which is 0.1 % 
of world total.  If we make a comparison of emissions , in 1990 total greenhouse gas 
emissions totaled 170.1 million tons, and CO2 being 139.6 million tons, by 2007 
emissions increased to 304.5 to million tons out of which 282.5 million tons were due to 
CO2.   The figures show that annual increase is high. The policy measures taken during 
this time was to promote energy efficiency and use of renewable energy sources. 
However it is foreseen that as in all countries dependency on fossil fuels will be 
continuing.   So the second measure will be to promote technologies that will produce 
less CO2 as in coal fired thermal power plants. However CO2 cannot be eliminated 
totally since all combustion processes result in CO2 as the product.  Then measures must 
be taken to mitigate the CO2 emissions which will be possible by underground storage of 
CO2 in geological formations.    
c⃝ 2 1 Published by Elsevier Ltd.
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If the CO2 emissions from 7887 industrial sites worldwide was estimated to be 13.5 
Gt/year (IEA 2008) is considered, other geologic sites must be considered other than 
known oil and gas reservoirs. 
 
The purpose of this study was to assess the possible geologic storage sites for CO2 in 
Turkey and perform a modeling study and an economic analysis if CO2 is injected in an 
oil field so that extra oil recovery will make the project affordable (Okandan, et.al,2009).  
 
Assessment of CO2 Emissions 
 
During this study data were collected from thermal power plants, cement factories, 
steel industry, refineries and sugar factories for the year 2006 which were available at the 
time of the study. As expected fossil fuel fired power plants, steel industry, cement 
factories, oil refineries showed   large amounts of  CO2 emissions as calculated using the 
IPCC methodology  (Figure 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Figure 1 CO2 emissions from sites selected for the project 
 
The largest coal fired power plant is Afsin Elbistan , with CO2 emissions exceeding 6 
million tons/ year. Initialy the target was to look into storage sites that can store this 
volume of CO2.  The second alternative was to select a cement factory in the same 
vicinity and use its CO2 emissions to inject into an oil reservoir.  Decision required was 
to locate a suitable oil reservoir in the same vicinity. 
 
Assessment of possible geologic storage sites 
 
The possible geologic sites are abandoned or mature oil and gas fields, deep aquifers, 
soda mine salt caverns and possibly coal bed methane sites and natural CO2 fields.. 
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Figure 2 shows the location of oil and gas fields and other possible storage sites in 
Turkey. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 2  Possible geologic storage sites in Turkey 
 
Figure 3 gives the location of industrial and power plants that were used in estimation 
of their CO2 emissions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 Location of thermal power plants and industrial sites studied during the 
project 
 
The characteristics of geologic formations are very critical for CO2 storage projects, 
and almost all of the characterization data exist in producing oil and gas fields.  The 
exploration activities since 1954 in Turkey have resulted in locating more than 120 oil 
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and gas fields.  However the size of these fields are not very large, biggest one being 
Batı Raman heavy oil field.  The fields are located mostly in Thrace Region and in 
Southeastern Turkey. For this project the target was to look into oil fields in 
Southeastern part of the country close to a power plant or cement factory.  
 
During the selection of suitable fields, several criteria were used, such as life of the 
field, depth, reservoir temperature, permeability, heterogeneities such as fractures, faults. 
There were 3 candidates, and Caylarbasi heavy oil field was chosen because of its high 
porosity and little or no fracture in the reservoir (Figure 4). The injected CO2 will be 
benefited as an EOR agent enhancing the production of some extra oil before storage 
cycle starts. 
 
The field was discovered during 1993 and was put on production during the same 
year. The reservoir rock is limestone and 11.8 API gravity oil present. 7 wells were 
drilled in the area on being a dry well and presently 3 of the wells are still producing.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Location of Caylarbasi Field 
 
Modeling Results 
 
The geologic model and numerical model of the field was created using Petrel- 
Eclipse software. After obtaining an acceptable history match, CO2 injection cycle 
continued for 20 years.  Then the CO2 storage cycle started. 8 different scenarios were 
studied.  The best scenario resulted in 2 million barrels of oil production during 8 years 
and 280 million Sm3 of CO2 to be stored during the next 12 years.  It was assumed that 
the CO2 produced during the project will be re-injected using the recycling unit as taken 
into account during technical feasibility analysis.  
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The amount of CO2 that can be stored in the selected field can only handle the 
emissions from a cement factory which is about 130 km. from the field. The technical 
and economic feasibility was based on this conclusion. 
 
Technical and economic feasibility of transport and storage of CO2 from a cement 
factory
 
 
The selected cement factory is about 130 km from the field (Figure 6) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.  The location of cement factory with respect to Caylarbasi oil field 
 
It was assumed that the CO2 will be available at the factory site so the feasibility 
includes the liquefaction process and transport using a pipeline or tankers.  In Caylarbasi 
field investment for the drilling of new producing wells and CO2 injection wells were 
considered as well as compressors and the CO2 recycling unit.  
 
Investment and operating costs for tanker transport was calculated as 34 million USD 
and 408 000 USD/ month operating cost for tanker transport compared to 53.5 million 
USD investment cost and 414 000 USD/ month operating cost for pipeline transport. So 
tanker transport will be feasible because of the small amount of CO2 to be handled and 
the duration of the project. 
 
The economic analysis at 10 % discount rate showed that if oil is 100$/barrel it will be 
possible to inject CO2 and produce oil for 6 years. For CO2 storage period it is obvious 
that new incentives, mechanisms will be necessary to support the operating cost of 
storage operation.  
 
Conclusions 
 
Assessments indicate Turkey is responsible only for the 1% of worlds CO2 emissions. 
The Kyoto Protocol has been ratified in the parliament and as Annex 1 country some 
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responsibilities are present. Establishment of  Carbon Market is underway which will 
also specify the sectors and activities that will be included in the evaluations.  
 
The present study indicated that the known oil and gas reservoirs due to their small 
volumes can only accommodate CO2 emissions from small industrial sites.  In such a 
case the transport of CO2 will be feasible by tankers as seen during this project.  
 
The natural CO2 reservoir, Dodan is the available large volume reservoir, presently 7 
billion Sm3 volume is available, where storage may be considered. 
 
However possibilities of storage in deep saline aquifers must be considered and a 
possible pilot project will enable the parties to investigate its applicability. 
 
One critical aspect of CCS application is to set incentives for CO2 storage. Otherwise 
the market will not respond favorably to such application. Another important step will be 
to prepare and accept a national CCS law.  
 
The present know how on CO2 injection as gained from CO2 - EOR application in 
Batı Raman will make the future CCS projects easy to handle. 
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